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Introduction

5
Sea Water (ASW, Tropic Marin Sea Salts, Wartenberg, Germany, 30 Practical Salinity Units). 105 100 mg/L of sodium metasilicate were added to the medium then the pH was adjusted to 8.
106
This solution was used as growth medium for N. jeffreyi. Cells were grown on an orbital 107 shaker (50 rpm) and kept for 20 days at 18°C, in conditions of natural alternating day/night. 108
After 20 days, corresponding to the end of the exponential growth phase, microalgal cells 109 were harvested by centrifugation for 10 min at 6000 g and 4°C then washed twice with, and 110 resuspended in NaCl 0,9 %. Cells were then collected and resuspended in 10 mL of ASW 111 diluted 1: 1000. Finally, the suspensions were freeze-dried and stored at 4°C until they were 112 used for the following experiments. 113 114
Extraction of the Extracellular Polymeric Substances (EPS) bound to N. jeffreyi cells 115
The extraction of EPS bound to N. jeffreyi cells was performed with Dowex resin, as this 116 method was developed for culture pellets of N. jeffreyi cells and was shown to provoke the 117 minimum release of internal compounds (protein, ATP) and the lowest proportions of glucose 118 compared with the water-extracted EPS [22] , from which the high glucose content must be 119 inferred as contamination by the chrysolaminaran found in the vacuoles of the diatoms [23] . 120 20 mL of ASW were added to 30 mg freeze-dried cells. 5 g of activated Dowex (Marathon C, 121 previously activated in Phosphate Buffer Saline for 1h in the dark) were gently mixed with the 122 sample at 4°C for 1h in the dark. The solution was then centrifuged at 3500 g and 4°C for 10 123 min and the supernatant was collected, freeze-dried and stored at -80°C prior to biochemical 124 analysis. 125 126
EPS composition 127
Total sugar and protein content of EPS and also sugar composition of polysaccharidic fraction 128 of EPS were determined by previously used methods for EPS from the Navicula genus of 129 diatoms [24] [25] [26] . Total sugar content was determined using the phenol-sulfuric acid assay, 130 6 using glucose as standard [27] . Protein content was determined using the bicinchoninic acid 131 assay, using bovine serum albumin as standard [28] . The sulfate content was measured by the 132 Azure A assay [29] , using dextran sulfate as standard. 133
The sugar composition of the bound EPS fraction was determined as follows. N. jeffreyi 134 bound EPS fraction was dissolved in 2M HCl at 50 mg/mL and heated at 100°C for 20 h. 135
Polysaccharides were completely hydrolyzed in monomers, then the preparation was freeze-136 dried and stored at -20°C. Analysis of the carbohydrate fraction was carried out by GC/MS 137 using a Varian CP-3800 GC/Varian Saturn 2000. Operating conditions were based on the 138 methodology of Pierre [26] by Electronic Impact (70 eV), the trap temperature was set at 150°C, the transfer line 146 temperature was defined at 180°C and the target ion was fixed at 40-650 m/z. 147
In order to check that the freeze-drying step for the diatom cells did not have any influence on 148 this composition, the bound EPS extraction procedure was applied to diatoms cell with and 149 without freeze-drying and the monosaccharide composition of polysaccharides was 150 determined for both samples of bound EPS. 151 After this drying time, same contact angles were measured for water droplets deposited on the 182 8 diatom layer several minutes apart, indicating that water evaporation from the layer was 183 achieved. The contact angle was consistent for 30 min up to 120 min of drying time. 184
The contact angle (CA) measurements were performed with a goniometer G40 (Krüss, 185 Germany) at room temperature (23°C) with an accuracy of ± 2°C, employing the sessile drop 186 technique and using three pure solvents whose surface tension components were known 187 ( ( )
Here, The Y5 filter set was used (excitation 620-660 nm) and the λ used for emission was 700-775 228 We used a freeze-drying treatment in this study because it allows the maintenance of 237 microalga in a "fixed" state with initial mucilage. In the experiments presented here, this fixed 238 state gives access to the initial step of attachment without having interference from polymeric 239 metabolites (biofilm mucilage), which are synthesized when colonization occurs. The idea is 240 to study the very early stage of attachment, that corresponds to a passive step, due to the net 241 force of interaction between the diatom surface and the support that arises from the balance 242 between van der Waals and Lewis acid-base forces. The diatoms are here considered as 243 colloidal particles with bound initial adhesive polymers. It has to be kept in mind that these 244 "living colloids", upon contact with a surface, will excrete supplementary adhesive polymers, 245 allowing for strong adhesion to the surface and finally for irreversible biofilm formation. The 246 ability of benthic diatoms to form biofilm is largely due to the secretion of these mucilaginous 247 EPS from the raphe [12, 36] . 248
Scanning electromicroscopy (SEM) shows N. jeffreyi cells (Figure 1 ) with an intact structure, 249
indicating that freeze-drying does not damage microbial cell surfaces. The SEM also shows 250 the presence of EPS closely bound to the N. jeffreyi cells (Figure 1 ). The EPS detected by 251 SEM in our samples correspond to the bound initial adhesive polymers that are very important 252 mediators in the initial step of adhesion of diatoms to surfaces. 253
11
In order to extract cell bound N. jeffreyi EPS a cationic resin was used. Extraction protocols 254 can distinguish a range of EPS types, depending on their degree of interaction with diatom 255 cells: (1) colloidal fractions, corresponding to the EPS excreted into the medium, (2) bound 256 fractions, corresponding to the EPS surrounding the cells and (3) residual fractions, 257 corresponding to the internal EPS [26] . Total sugar and protein content assays showed that the 258 bound EPS had 2.5 times more proteins than sugars. Sulfated sugars were not detected. The monosaccharide composition of the polysaccharidic fraction of bound EPS from N. 264 jeffreyi was also determined. In order to check that the freeze-drying step used to fix the 265 diatom cells did not have any influence on this composition, the bound EPS extraction 266 procedure was applied to diatom cells with and without freeze-drying and the monosaccharide 267 composition of polysaccharides was determined for both samples. The results were very 268 similar whether or not the diatoms had undergone freeze-drying (Table 2) To assess the effect of solid surfaces properties on the diatom-substratum interaction, physical 317 properties of the surfaces were measured. The surface energies, calculated from measured CA 318 (Table 3) , of the five substrata used in this study are listed in Table 4 In another earlier study, marine fouling diatoms Navicula perminuta were found to adhere 339 more strongly to hydrophobic surfaces than to hydrophilic surfaces. This behavior was 340 ascribed to the physicochemical properties of their extracellular adhesives [14] . Navicula 341 perminuta cells were also shown to adhere more strongly to hydrophobic materials thanks the (Table 4 ), it appears that the best correlations 371 are observed between cell density and van der Waals component, on the one hand, and 372 electron acceptor component on the other hand. In the case of the electron donor component, a 373 correlation was obtained between cell density and the four substrata PTFE, PA, PE and SS316 374 (the point corresponding to the glass substratum was not aligned with the others). 375
Finally, we tested whether it is possible to predict how a diatom can adhere to a substratum by 376 calculating the free energy of adhesion between the microalgae and the solid surfaces. (4) and (5), the values of the total interfacial free energy of adhesion of 383 N. jeffreyi to the five studied substrata and its components (∆ and ∆ ) were calculated 384 and are presented in Figure 3 . When considering the relationship between attached diatom cell 385 density and the different contributions of the free energies of adhesion to the five substrata, it 386 appears that the best correlations are observed between cell densities and ∆ on the one 387 hand (Fig. 3) and ∆ on the other hand (Fig. 3) , for all the substrata except for glass which 388
is not aligned with the others. In the case of ∆ , its contribution to ∆ is insignificant 389 (Fig. 3) . The negative values of ∆ and ∆ actually lead to a strong adhesion of N. 390 jeffreyi to PA, PE, PTFE and SS316 surfaces. The adhesion test reveals a close correlation 391 between the surface hydrophobicity and ∆ and the attachment of N. jeffreyi: the more 392 hydrophobic the substratum is, the more strongly N. jeffreyi adheres. For glass, the positive 393 values of ∆ and ∆ unexpectedly correspond to a weak but significantly positive 394 adhesion of N. jeffreyi to the hydrophilic surface, at a similar level to PA, for which a ∆ 395 value equal to -28 mJ/m 2 was calculated (Fig.3) . This adhesion to glass may be due to 396 possible local attractive electrostatic interactions, which are not explicitly included in the 397 thermodynamic approach used in the present study. 398
Thus, the thermodynamic analysis for hydrophobic substrata such as PTFE, PA, PE and 399 SS316 gives a good prediction of initial diatom cell attachment. This thermodynamic model is 400 a potentially very interesting tool for predicting the initial adhesion of diatoms on all types of 401 hydrophobic or moderately hydrophobic surfaces. 402
403
Conclusion
404
In the present paper, the initial interaction between diatom cells and different substrata, with 405 very different hydrophobic and hydrophilic surface properties was studied. Diatom cells were 406 grown on a shaker so that they did not form a biofilm, and then freeze-dried, in order to have 407 diatoms with their initial mucilage only. A chemical attraction occurred between these diatom 408 cells and the substrata, which was predicted by the free energy of adhesion between the two 409 components. The free energy was calculated from the surface energy of both diatom cells and 410 surface substrata, using a thermodynamic approach. In general, the more hydrophobic the 411 surface, the more strongly N. jeffreyi adheres to it. We observed very weak attachment to 412 surfaces with a total surface energy superior to 42 mJ/m 2 . This paper constitutes an original 413 study of the transitory physico-chemical attraction between diatom cells containing bound 414 initial EPS and the substratum. This leads to an initial contact between the two components, 415 which was called ''the first kiss'' by Wetherbee and represents "an active commitment by 416 raphid diatoms to attach and activates adhesion mechanisms specifically designed for 417 subsequent binding to the substratum" [12] . One 
